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O mtraddcarrieriforsynthettevacclnes. 

@ A synttietic vaccine Is contemplated comprlslng a pep- 
Me residue coupled to one or more aikyi or atkenyl groups 
'of at least 12 cart>on atoms or other lipophilic substance 
vtfierein sakl peptide residue contains a sequence of 6 
amino acids corresponding to the sequence of such amino 
adds in a protein antigen or allergen where the greatest 
Ipcaf average hydrophlilctty of the antigen or allergen is 
found. 
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■ BAGKGROUND OF THE INVENTI01<r . ' 
^.CROSS REFERENCE TO RELATED APPLICATIONS ' 
This is a continuation-in-part of each of copending 
applications Seirial No. 223.558 filed January 9, 1981 and 
^ Serial No. 272.855 filed June 12, 1981. assigned to the 
assignee hereof, the disclosures of which are hereby 
specifically incorporated herein by reference. 

Field of the Invention * •• 

_ . •(•■■■■..• 

This invention is. directed to a synthetic vaccine, 
to a composition useful in elliciting formation of. antibodies 
in a host animal and to a composition useful as a diagnostic 
aid. More especially this invention is directed to a 
synthetic antigenic composition comprising a synthetic 
■ peptide and carrier. Still more especially this invention 
is directed specifically to the. nature of the carrier for 
the synthetic peptide, 

DISCUSSION OF RELATED APPLICATIONS 
In my co-pending applications referred to above 
I disclosed a new system for determining that portion of the 
protein of a natural antigen or allergen which is responsible 
for the antigenicity or allergenicity of the protein. More 
especially I defined a process for determining the specific . 
V sequences of amino acid of proteinaceous allergens or antigens 
which are causative of an immune response when compositions 
containing the same are injected into host animals. 

Thus I disclose not only that method for determining 
the specific sequence of amino acids but a method of preparing 
synthetic antigens or allergens knowing the precise number • 
and sequence of amino acids which must be present! I also 
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disclose nmnerous -synthetic vaccines comprising a* shor-t"' - 
polypeptide supported on a carrier", the carrier con- 
sidered to be of critical importance in providing the 
.active portion of the synthetic peptide chain with sufficient 
size so that. the entire synthetic antigen or synthetic allergen 
can 'be recognized by the immune system and evoke formation of 
the corresponding antibodies. 

Specifically, my synthetic vaocine comprises a 
■'physiologically acceptable carrier in or on which is disposed a 
synthetic peptide residue containing a sequence of at least 
six amino acids corresponding to the sequence of such amino 
acids in a protein antigen or allergen with the greatest local 
average hydrophilicity of the antigen or allergen, said local 
•Jiydrophilicity of said protein antigen or allergen* being 
defined by and determined by: 

A. assigning relative hydrophilicity values to the 
amino acids of the protein antigen or allergen in accordance 
with relative relationship of such amino acids as shown in the 
table below: 

TABLE 1 . 

Amino Acid . Hydrophilicity Value 

Arginine 3.0 
Aspartic Acid 3.0 +1 

Glutamic Acid ' 3.0 + 1 

Lysine . . 3.0 

Serine 0.3 
Asparagine 0.2 
. Glutamine 0.2- 
Glycine 0.0 
Proline -.5+1 
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TABLE 1 (con't^ . 



Amino Acid 

Threonine • .• 

Alanine 

Histidine 

Cysteine . 

Methionine 

Valine 

IsoIeUtine 

Leucine 

Tyrosine 

Phenylalanine 

Tryptophan 



Hydrophilicity Value 



-OA 
-0.5 
-0.5 
-l.O 
-1.3 
-l:-5 
-1.8 
-1.8 
-2.3 
-2.5 
-3./4 



B. determining the repetitive local average of 
•hydrophilicity values at a plurality of points along the 

amino acid sequence: 

C. determining from such local' points of repetitive 
averages the points of greatest local average hydrophilicity; 
said con^_03ttio„ being characterized by' evoking a protective 
inmtunological response or by stixnulation of antibody formation ' 
or decreased sensitivity to allergen when introduced into a host 
aniinal- in the absence of the entire amino acid sequence of the^ 
protein antigen or allergen. 

At the heart of the development there is the 
determination of a sequence of six amino acids which are 
critical to the production of the immunological response. In 
accordance with such earlier invention this is done with the • 
foreknowledge of the amino acid sequence of an antigen or ' 
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allergen, butL if the-same is unknoym, then the amino acid sequen'ci 
of- the entire protein must first be determined. This can be 
donp by known but laborious means. 

Given the nmino acid sequence of Lhe enliirc proLein 
antigen or allerf;en, the next objective is- to determine the 
ppint along said molecule v/here there is j»rcatc:>t local avernr,e 
hydrophilicity . . lliis is initially done by n*?;sLp,ninK relfitivc 
hydrophilicity values in accoi'diincc v;ith the tnhlc above to 
each amino acid in the protein. Thereafter, those vahicn'arc 
repetitively averaged alonf; the lQnr,th of the protein. While 
such method is partially success ful (vJorUinf, for some proteins, 
but not others) when overajjinf, /',^^oups ranj^^e in size from four 
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1 to ten successively connected amino acids, it is preferred 
that in determining such local averages the hydrophilicity 
values of five to seven linearly connected amino acids be 
employed, especially six such amino acids. At a plurality of 

5 points along the amino acid chain of the protein, the local 
averages are determined (moving average, increment of one). 

Once the repetitive local averages of the specific hydrophili- 
city values are determined, the precise point of greatest 

10 hydrophilidty car) be easily located by inspection or determin- 
ed graphically or otherwise. It has been discovered that the 
six amino acids providing the greatest local average hydro- 
philicity are the sequence of six amino acids which are 
critical to the production of the immunological response. 

15 Stated differently, it has been found that this sequence of 
six amino acids is present in an epitope of the protein, 
i.e. the sequence of amino acids recognized by axu^ bound by 
an antibody with immunological specificity. Such epitope is 
hereinafter designated as the "H-epitope" as it is the 

20 epitope of greatest local average hydrophilicity. 

With this realization of the precise sequence of amino acids 
which accounts of H-epitope of a given protein antigen or 
allergen, one can form a synthetic vaccine in any number of 
25 ways. 

The synthetic vaccine is prepared either by chemically 
synthesizing a chain of amino acids corresponding to the 
sequence of amino acids of the K-epitope or the H-epitope is 
30 obtained from a protein containing the same by selctive lysis - 
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such as* by splitting the protein by the use of eniyraes. The 
amino acid chain containing the H-epitope so obtained either 
synthetically or from naturally occurring protein is thereafter 
disposed. on a physiologically acceptable carrier, and the 
resultant composition is. thereafter diluted with physiologically 
acceptable mediiam. The composition is then ready for introdiic- 
.tion into a host animal. 

It will be realized that the procfiss of the 'invention 
. is useful in the formation of synthetic vaccines of known and 
unknown, identified or unidentified, protein antigens or- 
allergens, since the focus is upon the portion of the protein 
molecule which provides the H-epitope. Thus, the synthetic 
vaccine of the invention can contain H-epitopes of single or 
multiple known or unknown protein antigens or allergens. The 
S3mthetic vaccine can contain a plurality of H-epitopes of a 
single antigen or can contain a single H-epitope of a first 
antigen and an H-epitope of a second antigen or allergen. The 
synthetic vaccine can contain one or more H-epitopes of an 
aritigeti or allergen alone or in combination with one or more 
H-epitopes of a second antigen, or allergen. In fact, the 
synthetic vaccine can contain as many epitopes corresponding 
to said sequence of six amino acids of greatest local average 
hydrophilicity as desired, and said epitopes can correspond to 
the sequence of six amino acids from a x^ide variety of antigen; 
or allerpens. The vaccine contains at least one H-epitope ♦ 
This H-epitope can be co-oresent with other epitopes of the 
same or different antigens which are not H-epitopes, i.e., do 
. not correspond to the point of greatest local average 
hydrophilicity of the antigen or allergen. 
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.1 The process of the invention is useful in the formation of 
synthetic vaccines from antigens whose amino acids sequence, 
has not heretofore been reported. The art well knows how to 
dtermine the amico acid sequence of a protein antigen or 

5 allergen. It remains, therefore, a simple matter, in accord- 
ance with the invention to determine the H-epitope. 

The synthetic vaccine can have H-epitopes of any protein 
antigen or allergen. The vaccine of the following protein 

10 antigens or allergens are particularly contemplated. Hepati-- 
tis B surface antigen, histocompatibility antigens, influenza 
hemagglutinin, fowl plague virus hemagglutinin, rag weed 
allergens Ra3 und RaS and the antigens of the following 
viruses: vaccinia, Epstein-Barr virus, polio, rubella, cyto- 

15 megalovirus, small pox, herpes simplex types I and II, 
yellow fever, and many others. 

It can also alternatively or additionally have an H-epitope 
of a protein of any of the following parasites: organisms 

20 carrying malaria (P. Falciporum. P. Ovace etc.), Schistoso- . 
miasis. Onchocerca Volyolus and filiarial parasites, Try- 
panosomes, Leishmania, Chagas disease, amoebiasis, hookworm, 
and the like. In addition, vaccines of the following bacteria 
are especially contemplated: leprosy, tuberculosis, syphilis, 

?5 gonorrhea and the like. 

Vaccines of the following viruses can be made by the process 
of the invention: Infectious ectromelia virus, Cowpox virus, 
. Herpes simplex virus. Infectious bovine rheinotracheitis. 
.30 virus. Equine rhinopneumonitis (equine abortion) virus, 
, Malignant catarrh virus of cattle. Feline rhinotracheitis 
virus. Canine herpesvirus, Epstein-Barr virus (ass. with 
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1 infectious mononuclosis and Burkett lymphoma), Marek's dis- • 
ease virus, Sheep pulmonary ademomatosis (JaagziekteD virus. 
Cytomegaloviruses, Adoenovirus group. Human papilloma virus. 
Feline panleucopaenia virus. Mink enteritis virus, African 

5 horse sickness virus (9 serotypes). Blue tongue virus (12 
serotypes), Infectious pancreatic necrosis virus of trout, 
Fowl sarcoma virus (various strains), Avian leukosis virus, 
visceral. Avian leukosis virus, erythroblastic. Avian leuko- 
sis virus, myeloblastic. Osteopetrosis virus, Newcastle 

10 disease virus. Parainfluenza virus 1, Parainfluenza virus 2, 
Parainfluenza virus 3, Parainfluenza virus 4, Mumps virus, 
Turkey virus, CANADA/58, Canine distemper virus. Measles 
virus. Respiratory syncytial virus, Myxovirus, Type A viruses 
such as Human influenza viruses, e.g. Ao/PR8/34, A1 /CAM/46,' 

15 and A2/Signapore/1/57 ; Fowl plague virus; Type B viruses 
e.g. B/Lee/40; Rabies virus, Eastern equinine encephalitis 
virus; Venezuelan equine encephalitis virus; Western equine 
encephalitis virus; Yellow fever virus; Dengue type 1 virus 
(= type 6), Dengue type 2 virus (= type 5), Dengue type 3 

20 virus. Dengue type 4 virus; Japanese encephalitis virus, 
Kyanasur Forest virus; Louping ill virus; Murray Valley 
encephalitis virus; Omsk haemorrhagic fever virus (types I 
and II); St. Louis encephalitis virus; Human rhinoviruses; 
Foot-and-mouth disease virus; Poliovirus type 1; Enterovirus 

25 Polio 2, Enterovirus Polio 3; Avian infectious bronchitis 
virus; Human respiratory virus; Transmissible gastro-ente- 
ritis virus of swine; Lymphocytic choriomeningitis virus; 
Lassa virus; Machupo virus; Pichinde virus; Tacaribe virus; 
Papillomavirus. 

30 

Similarly, the synthetic vaccine can have an H-epitope 
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of any proteiri alUigen such as the rag weed all^rgeni; ' - " 



It is to be understood that the foregoing lists* are 
not all-inclusive, but simply exemplary, since the heart of the 
invention resides in reliably and confidently oredicting 
and determining the H-epitope. 

In forming a synthetic vaccina according to the earlie:: 
'invention, if is preferred to insure that the epitope has the 
steric configuration to be recognized by an antibody; that the 
given sequence of 6 amino acids have bonded thereto as part of 
the amino acid chain at least three amino acids on either 
side thereof, these three adjacent amino acids serving as 
W ;. .auxiliary acids to insure the stabilization of the 

epitope 80 that it is readily recognized by and neutralized 
■ by an antibody 

■tie 

■■■'k 

V 

:.|4 

Ml 

h. 
io 



In one of its simplest forms, that invention comprises 
a physiologically acceptable carrier on which is disposed a syn- 
thetic peptide residue of the designated epitope. This synthet 
ic peptide residue has a chain length of minimally six amino ac 
ids. preferably twelve amino acids (considering the three amino 
acids on either side thereof) and can contain an infinitely lom 
chain of amino .acids or their components, which can be charac- 
terized by the presence of other epitopes of the same or 
different antigen or allergen. Where it is free of such 
additional chain with or without such additional- eptitooes , it 
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generally does not have an amino acid chain exce'ediag^ SC arainb 
acids. Where a short chain is desired containing the desired 
epitope, it preferably does not have an amino acid chain length 
'greater than 40, more especially not greater than 30 and more 
particularly not greater than 20 amino acids. Optimally the 
peptide residue has an amino acid chain length of 12 to 18 
amino acids, preferably 12 to 15 amino acids, especially 12 
amino acids. ' .* 

'In my earlier application I disclose numerous pbysio- 
. logically acceptable carriers for the peptide residue including 
those which are animal, vegetable and mineral. Specifically 
disclosed carriers included segments of polyamino acid, poly- 
saccharides, polyamides, vinyl polymers, ester polymers, as 
well as proteins especially subclass hemoglobin, human serum 
* -proteins, tetanus toxoid. 

One problem that exists in the field of vaccines re- 
lates to the nature of the carrier. Since optimally the vac- 
cine stimulates production of only those antibodies specific to 
the antigen or allergen, the carrier should not evoke antibody 
fontfation to itself. The production of antibodies or any 
other substance in response to the carrier portion of the vac- 
cine complicates the immune system's behavior, can be the 
cause of side reactions, and can compete with the production 
of antibodies to the synthetic antigen or allergen. It has 
therefore been desirable to provide a carrier for a synthetic 
vaccine where the carrier portion of the molecule is sub- . 
stantially inert to the immune system and does not evoke the 
production of antibodies specific thereto. It is the 
further object of this invention to provide an improved 
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synthetic vaccine ^comprising a synthetic peptide Residue" 
disposed in or on a carrier where the carrier is one which 
ia compatible with the organism into which the vaccine is. • 
.to. be introduced and can be readily metabolized by such host 
.animal and in time be excreted without complications to the 
injection site or the various organs of the body.' 



SUMMARY OF THE INVENTIQH •• 
In accordance with this invention "l provide an 
improved synthetic antigen or synthetic allergen of the type 
disclosed in the aforementioned applications for Letters' 
Patent wherein the carrier is one comprising a straight or 
branched substituted or unsubstituted. saturated or unsaturated! 
•hydrocarbon residue of at least twelve carbon atoms. In 
particular, the carrier of the invention is one having at 
.least twelve carbon atoms in a chain whose. chain is either 
an alkyl or alkenyl group. Such alkyl or alkenyl group can 
have up to 36 carbon atoms but is preferably in" the range of 
^12 ^° ^24- hydrocarbon residues can be provided by 

fatty acids by simple coupling of the fatty acid moiety to 
a terminal functional group of the synthetic peptide by 
relatively routine chemistry. I also contemplate, however, 
carrying the synthetic residue on such hydrocarbon residues 
without the use of the carboxylic acid functional group of 
the fatty acid whereby the synthetic peptide is joined to 
the hydrocarbon residue without a carbonyl connecting link. 
Thus, my invention can be described broadly as a 

composition comprising a synthetic antigen or allergen of the 
formula: 
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'eptide - 
[free of ter- 
ming.! amino 
group) 



H 

N 

I 

(terminal amino 
group) 
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m 



(I) 



therein 

• m is 0 or 1; 

R is a. substituted or unsubstituted alkyl or alkenyl 
radical of at least 12 carbon atoms; and* ' 

Peptide is a residue containing a sequence of 6 amino 
acids corresponding to the sequence of such amino acids in a 
protein antigen or aller;»en where the greatest local average 
hydrophilicity of the antigen or allergen is found, said local 
hydrophilicity of said protein antigen or allergen determined 

A. assigning, relative hydrophilicity values to the 
amino acids of the protein antigen or allcr};en in accordance 
with relative relationship of such amino acids as shown in the 
table below: 



TAIJLI!; I. 



Amino Acid 

Argininc 
Asoarci'c Acid 
Clut-amic Acid 
Lysine 
, Serine 
Aspnragine 
GluLaraine 
•Glycine 
Proline • 
Ihreonine' 



H ydrophilicity Value 

"3.0 i 1 
3.0 1 
3.0 
0.3 
0.2 

n.2 
n.o 

- . 5 i 1 ; 

-O./i 
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Amino Acid 

Alanine 

Histidine 

.Cysteine 

^^ethioni,ne 
Valine . 
IsoleUcinc 
Leucine 
Tyrosine 
PI\enyl alanine 
Tryptophan • 



. TABLE 1. (con't^ . 

Hydrophilicity Value 

-0.5 • 
-0.5 
.0 
.3 
.'i 

• H 
.8 

-2.5 
-3. A 



B. det.ermining the rcpcti-Llvc l.oc.-.l .•ivcra,,e of 
hydrophilicity values at a plurality oE points alou,; the 
amino acid sequence: 



C. determining from such local points of repetitive 
averages the points of greatest local avaraRc hydrophilicity • 
said synthetic antigen or allergen when free of an amino 
acid sequence corresponding to the entire protein antigen or 
allergen evoking a protective immunological response or 
stimulating antibody formation for decreasing sensitivity 
to allergen when introduced into a host animal, in the absence 
of the entire amino acid sequence of the protein antigen or . 
allergen. 

Referring to the formula above I can couple the 
synthetic peptide moiety to an alkyl or alkenyl group of at 
least 12 carbon atoms by blocking all those amino groups of 
the synthetic peptide residue so that they are free 'of re- 
activity to a carboxylic.acid except that a terminal amino 
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group remains available for reaction, I thereaftejf react- the 
terminal amino group of the synthetic peptide with a moiety 
which supplies a carbbxylic acid group whereby condensation of 
a hydrogen atom, of the amino group with the hydroxyl group of 
carboxylic acid group (dehydration) effects interlinkage of 
the synthetic peptide with the carboxylic acid group in accord- 
ance with the following equation: 



H 

Syn Peptide - NH + HO 

(terminal 
amino 
. group) 



9- 




4-' H 
Syn Peptide - N - C - R 

In accordance with this reaction there is formed a composition 

as defined in equation I above wherein m = 1. I also envisage, 

however, disposing these synthetic peptides on a C]^2 " C35 

alkyl or alkenyl moiety without, using a carboxylic. acid or 

similar functional group to link with the terminal amino group. 

Thus for instance I envisage a substitution reaction , 

•in accordance with the following equation: 

B'. 



H 

Syn Peptide - NH + Hal R 



Syn Peptide - N - . R 
m«o 

in which case there is formed a synthetic vaccine within 
formula I above wherein m is 0. .Numerous alternative routes 
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to dlsi^sliig a synthetic* peptide on a Cj^^ to 4lkyl or 
allwnyl group are apparent; these invariably, linking the^' 
•.synthetic peptide to the alkyl or alkenyl moieties via 
a terminal amino group of the synthetic peptide moiety.- 

In forming a synthetic vaccine in accordance with 
this inv^tion, L prefer to use a fatty acid of Cj^^ to C24. 
Particularly, contemplated fatty acids include the following: 
Palmitic 

\, . .Stearic . ' 

Behenic 
Oleic 

. ' The Merrlfield solid phase synthesis for synthetic 
• peptides is a particularly desirable approach to formation of a 
: fatty aciil carried synthetic peptide, since it provides a 
convenient means for attachment of the carrier in accordance 
with the invention, although It should be Understood that llquii 
phase approaches can also be employed. The Merrlfield solid 
phase approach involves connecting amino acids to one another 
lAera the pendant reactive groups, e.^. , amino, hydroxy 1, 
carbojqrl, imidazol groxxps, ave blocked. After the final amino 
: acid, has been coupled, the N-terminus is deblocked and a fatty 
acid or other suitable large lipophilic. subs tituent or com: 
ponent oxOTlying a €3^2 to €3^ alkyl or alkenyl group is re- 
acted by procedures outlined above for use in amino acid 
couplings; the procedure is carbodtimlda mediated peptide 
(amide) bond formation, hydrbxybenzotriazble ester addition 
or addition of a fatty acid, symmetrical or asyametrical an- 
hydride; . 

This results iri a peptide with covalent N-terminal ' 
fatty acid or similar moiety. The peptide is than removed 
from the resin by typical hydrofluoric acid treatnent, and 
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1 purified i£ necessary. 

Such a fatty acid peptide conjugate is complete in and 
of itself and needs no additional carrier molecule or support 

5 for- immunological enhancement. It aggregates when placed in 
aqueous medium and aggregate is capable of stimulating a 
strong immune response similar to those achieved with carriers 
such as red blood cells or large proteins. Carriers of the 
invention, it is believed, are more suitable than carriers 

10 such as red blood cells and large proteins. as the latter 
carriers tend to prompt unwanted immune response directed 
against the carrier per se. Thus carriers of the invention 
provide effective and readily produced vaccines with miiMial 
chance of unwanted immunological responses. 

15 : ' 

Particularly contemplated reactants include fatty acid 
anhydrides of the formula: 
0 = C - R- 

,1 . V . 

0 (II) 

2a 0 = c - R2 

wherein 

R-| and R2 are independently alkyl or alkenyl, inclu- 
ding alkenyl caontaining multiple unsaturation of several 
carbon atoms. However, symmetric saturated alkyl R^ and R2 

25 groups are preferred. These fatty acid anhydrides react 
relatively readily with the peptide. Generally speaking, 
reaction if effected at a temperature of between 20*^ and 30** 
for between 2 and 4 hours. The reaction is performed in the 
presence of a solvent. Particularly contemplated solvents . 

30 include: methylene chloride, dimethylformamide or dimethyl- 

sulfoxide. Thereafter the peptide linked to the C^^ ^36 

of - 
alkyl oddr alkenyl group via amide moiety is removed from 

the Meerifield resin and the blocking agents are removed 

from the side chain groups by contacting the same with a 
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Strong acid such as: hydrofluoric, hydrobromic or methane- 
sulfonic acids. Thereafter the material is worked up in 
the usual manner or washed and the synthetic vaccine is 
recovered. 

The peptide can be carried on a C^2+ ^11^1 or alkenyl 
caontaining carrier which comprises a plurality of C + • 
alkyl or alkenyl moieties. Thus there is contemplated^a 
synthetic antigen or allergen of the formula 



H 

Peptide n • 

(free of , 
terminal (terminal 
amino group) amino group) 



-R^o 



15 



I- -in 



wherein 

R , R , R^ and R^ are each C^2~^^6 ^^^'^ °^ alkenyl 
groups which may be straight or branched chained and 
substituted or unsubstituted; 
^ o» P, q and r are each 0 or 1 and the sum of o, p, 

q and r is equal to n; 
n is 2 to 4; and 

X is a polyfunctional group having 3 to 5 functional 
groups, at least one of which is bound to said 
25 terminal amino group, and at least one of said 

functional groups bound to one of R^, R*, R^ or R^. 

Functional groups for X include carbonyl and amido. 
The carbonyl group ist effective as a link to the . terminal. 
30 amino group whereby and amido group is formed while the 
amido group is an effective link between the synthetic 
peptide and the C^2-^36 ^^^^^ ^r alkenyl group. 

The functional groups can be separated by backbone 
35 which itself is an alkyl or alkenyl group, usually of chain 
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1 length of 2 to 5 carbon atoms. Thus X can be represented by 
the formula 

Bb- 



wherein 



A is a bifunctional group one end of which is linked 
to M and the other end of which is linked to the 
10 terminal amino group of the synthetic peptide; 

M is alkylene or alkenyleneof 2 to 5 carbon atoms; 
B, C, D and E are bifunctional groups one end of 
which is linked to M and the other end of which is 
linked to a ^'^2~^Zt ^^^^ alkenyl group; and 
15 b, c, d and e are each 1 or 0 and the sum of b, c, 

d and e is 2 to 4. 

Specifically, such a structure can be prvided using an 
amino acid having a plurality of amino groups. These amino 

20 groups are reactable with a source of ^^i^^Zb ^^^^ alken- 
yl groups. The synthetic peptide's side chain reactive groups 
are blocked with, for instance, a blocking agent of the type 
described above. The terminal amino group of the synthetic 
peptide is reacted with the multifunctional group or amino 

25 acid whereby the peptide now is joined to a bridge having 
two or more reactive sites to which ^12^^36 ^^^-^ alkenyl 
groups can be bound. Thereafter the peptide-bridge inter- 
mediate structure is reacted with source of 0^2"^^^ alkyl or 
alkenyl groups. 

30 . 

The above embodiment can be described in terms of using an 
amino acid possessing a side chain and a terminal amino 
group. 



35 
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1 C. 0 

II 



Peptide NH, ♦ HO-C— alkylene— hfH, 

(free of (terminal or 
terminal amino group) alkenylene 
ammo group) i 



ft 



Peptide NH - C-alkylene-NH, 

(free of or 

^ alkenylene 
NH, 



amino group) 



10 

The two free -NHj groups remain reactive to source of 
^12~^36 ^^^y^ °^ alkylene groups. Usually the preparation 
of the intermediate involves the reaction of the terminal 
amino' group of the peptide with such an amino acid where 
15 amino groups are protected by a functional group that is more 
readily removed than the side chain protecting groups of the 
peptide. Such protective but reactive groups include: 
Tertiary butyloxycarbonyl 
Trifluoroacetyl 
20 Fluorenylmethyloxycarbonyl 

The preparation of these synthetic antigens or allergens 
caontaining multiple alkyl or alkenyl carriers is illustrated 
below for a synthetic peptide whose side chain groups are 
25 blocked: 
D. 

0 0 

Peptide NH, + HO-C-CH-CCH, -NH-C-OC(CH, 

^ NH Bis-tert .-butyl oxycarbonylated 

O^C-OCCCH,), ^sine 



Peptide-NH-C-GH-(CH2)4-NH-lC-0(CH3) 



NH. 

6=C-0-C(CH3)3 

35 
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1 E. 



■ Peptide-NH-C-CIt-(CH2D4-NH-C-0C(CH333 
II I ti 
0 NH 0 ♦ TFA 



10 



0=C-0-C(CH3)3 



0 

■II 

C-R 

Peptide-NH-C--CH-CCH2)4-NHj + o{ 
ti t \ 
0 NH, C-R 

ft 

0 



Deblocking 
reaction 



Coupling 
reaction 



15 



.Peptide-NH-C-Cfr-(CH2)4 -NH-C-R 
It t II 
0 NH 0 
I 

c=o 

t 

R 

TFA = trifluoracetic acid 



Of course, the R groups can be the same or different since 
mixed anhydrides are suitable reactants^ 

20 

It should be understood that in the above set of 
equations a lysine backbone joined the respective functional 
groups • Essentially any link between functional groups is 
suitable although it is preferred to minimize the presence 
25 of those groups which would impart toxicity to the vaccine 
or stimulate or prompt production of antibodies specific 
thereto, it being the purpose to produce antibodies to the 
synthetic peptide. 

30 - 
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1 It is preferred that this link be an alkylene or alkenylene 
group, i.e. a bifunctional residue or radical of an alkane 
or alkene. These alkylene or alkenylene groups can be straight 
or branched chain and can have 2 to 6 carbon atoms. 

5 

DESCRIPTION OF SPECIFIC EMBODIMENTS 

In the determination of the sequence of six amino acids 
which provide the H-epitope, it is preferred that more re- 

10 spective values than those set forth in the table below be 
assigned to respective amino acids in the protein antigen or 
allergen. Thus, there is set forth in the table below the 
broad, preferred and most preferred ranges to be assigned 
for the determination of six amino acids providing greatest 

15 local average hydrophilicity. 
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• ■ . * 


l!y(lr(>i>ii i 


1 it* i 1 y V;i I lie 




Amino Acid . 


Ih'oatl PrcCcrroil Ih 


I'M- Pr 


Arginine 


1 n* 


'Wl ' 
.J . 1/ 


•j.o 


Asp.irtic Acid 


•I n I- 1 


.> , w 1 , J 


3.0 


GluGomlc Acid 


.) . U »' L 




3.0 


fcysinc 




3.0 


3.0 


Serine 


A 'I 
W.J 




0.3 


Asparcif'inc 




u . /. 


0.2 


Glutamine 




w . L 


0.2 


Glycine 


0 .0 


0.0 


0.0 


* Praline 




O.O l .5 


0.0 


Tlareonine 






-O.A 


Alanine 


-0.5 


-U.5 • 


-0.5 


llistidin.c 


-0.5 


-0.5 


-0'.5 ' 


Cysteine 


-1.0 


-l.O 


-1.0 


Methionine 


-1.3 


-1 .3 


-1.3 


Valine 


-1.5 


-1.5 


-1..5 


Isolcucine 


-1.8 


-1.8 


-1.8 


Leucine 


-1.8 


-] AS ■ 


-1 .8 


• Tyrosine 


-v.. 3 




-2.3 


Phenylalanine 


-•;.5 


-2.5 


-2.3 


Tryptophan 


-3. A 


-3. A 


-3.^1 
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•It will be: recognized that thens valueskre" relative. 
By multiplying these values with a factor, one can obtain 
•another set of values which can similarly be used to provide 
the same. prediction and determination. The important concept 
is that the. respective amino acids have the relative relation- 
ship as set forth in the. table above. These arbitrary values 
are established for the purpose of providing a convenient 
means whereby the portion of a long chain protein molecule 
•of highest hydrophilic characteristic is identified. - I^en that 
is determined, the realization of the six amino acids accountin|j 
for that hydrophilicity peak is easily determined. 

- Thus the procedure of the invention can be employed 

. to determine the sequence of six amino acids which provide the 
most hydrophilic region of numerous unrelated" antigens. 

Specifically, the hepatitis B surface antigen has 
been studied to determine the sequence of six amino acids which 
determine the H-epitope. The sequence of amino acids for 
such antigen is as follows: 



Lys Pro Thr Asp Gly Asn (which correspond to amino ac 
ids 141-146 of the heptatis B surface antigen protein).. Simi- 
larly, the sequence of amino acids for the human histocompati- 
bility antigen HLA-B7 which determine the H-epitope is: 
Pro Arg Glu Glu Pro Arg (which correspond to amino acids 
43-48 of the protein). ' 

Similarly, the sequentie of the amino acids for the' 
influenze hemagglutinin antigen (X31 strain) which determine 
the H-epitope is: Val Glu Arg Ser Lys Ala (which correspond 
to amino acids 105-110 of the protein). 

■ - 23 - 
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yjl ' i •* The H epitope for the A/mcmphis/102/72 strnin of 

2. • influenza hemagglutinin is:. Lys Arg Gly Pro Asp Seri corres- 
. 3 ponding ^to amino acids 140 to 1^5 of the protein. ' 

' 4 . - . 

5 The H epitopes for two other fitrains of influenza . 

6 hemagglutinin, A/Eng/878/69 and A/NT/6a/63/29c. arc identical 

7 to the H- epitope of A/meiDphi6/lCl2/72-.as sbatcd above. 
B . . • • 

'9 ' The H epitopes of the A/Kr/60/68 and ^/qu/7/70 

10 D Strains, of hemagglutinin are identical and cclin|:lrisc the follow- 

11 J ing amino acids: Arg Asn Val J'ro Glu Lys corresponding to 

12 I to amino acids 321 - 326. of the proteins. • • . 

13 I 

14 , . The -H epitope for the neuramlnidvise protein of the 

15 ,A/PR/8/34 strain of influenza is Arg Gly Arg Pro Lys Glu Lys, 

16 corresponding to amino acids 413 to 419 of the protein. This 
17. I :. epitope contains seven amino acids because id comprises two 

18 I adjacent and overlapping H epitopes of equal hydrophilicity, 

19 I as is the. case for the Japan strain hemagglutinin already des- 
2d I cribed (in the original manuscript). 

2l' . 

22- The H epitope for the diphtheria toxin fragment A 

23" is: GLu Thr Arg Gly Lys Arg, corresponding to amino acids 16S 

24 . to 173 of the protein. 

25 ■ • ■ ' * * 

26 ■ The U epitope for the avian sarcoma virus p,p 37 . ' 
27. protein is I Leu* Arg Glu lie J3iu Arg Leu. corresponding to 

28 . amino acids 37 to 43 of the protein (again, two adjacent and 

29 • overlapping H epitopes yielding a seven amino ncid sequence) . 
30 

The H epitope for the avian. sarcoma virus src p.ene 
,.protein is: Lys Ser Lys Pro I^ys Asp, corresponding to amino 
acids. 5 to 10 of the protein. 
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.. The H apitppe for the E3/16 protein (eKc^vuai partio.J 
of the adenovirus type 2 s.train is: Lys Asp Lys Ile'ciy -Lyg-. " 
corresponding to amino acids ^iO to .65 of the protein. 

The H. epitope for the Simian virus AO VPI protein • 
is: Asp Asp Ser Pro Asp Lys Glu. corresponding to amino acids 
77 to- 83 of the protein (two adjacent and overlapping H epitopes] 

The H epitope for the available se^iuence of ;the 
•fiber protein of adenovirus type 2 . (N-terminal 807.) isi Asn 
Lys Asn Asp Asp Lys, corresponding to amino acids 393 to 
398, of the protein. 

y • 

The 11 epitope of the Sindbis virus membrane 
glycoprotein El is: Ser Asp Arg Glu Gly Gin corresponding 
to amino acids. 322 to 327, ' 



The H epitope of the Sindbis virus membrane 
glycoprotein E2 corresponds . to the following amino' acid 
chain: Asp Glu Ala Asp Asp Asn corresponding to amino acids 
36 to 4.1. 

The II epitope Cor the Sindbis virus membrane 
glycoprotein E3 corresponds to amino acids 27 to 32 and 
has the following sequence: Tlir Arg Glu Pro Ser. Arg. 

The li epitope for the foot ;ind mouth disca.sc 
virus capsid protein VPI corresponds to amino acid.s 179 to 
184 and has the following amino acid .'!er|ucncc: Arg Net Lys 
Arg Ala Glu. 

- 25 - 
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Tlierc nrc iwo sequence;: of .-uuini) yici.ii:; Cor l.iic* inriucMiS:,? 
hemagfilutinin anui/^cn (Jnnnn sirain) i;Iiich dcM ermine ll-cpj Lopes 
of equivalent hydrophilici t y i.e.,Lhcy provi Itienuical. 
local averaue hyflrophili city . They arc \.ys; c;iu /w>n 
Pro Ars (correspond to amino acids ani.l Lys CUi 

'Asn rro.Arg Asp (correspond to amino acidr, 'J7 - 102). Similar- 
ly, the sequence oE amino acidr. for the inClucMiza hcma;;s;lutinin 
antigen (Victoria A strain) which determine the ll-cpitopc 
is: Asn Asp Asn Ser Asp Ly:5 (correspond in)*, to ami.no acids 
188 - 193) . ' • ' . * 

•.. * 

•Similarly, there arc tv/o sequences of amino acids Cor 
the Fowl ?lap,uc virus hcmaf;j;lutinl.n antij^cn vvhich determine 
Il-epitopes of identical local avcraj'c hydrophilici ty. They 
are: Glu Arg Arp, Glu Gly Asn (correspond i.nj; to amino acids 
97 - 102) and Arg Arg Glu Gly Asn Asp (corresponding to 
amino .acid 98 - 103) . 

Similarly, the sequence of amino acltls' for the human 
chorionic Gonadotropin B.suhunit antij;en which determine the 
ll-epitope is: Arp, Arj; Ser llir Thr Asp corresponding to 
amino acids 94-99. 

. * Similarly, the sefjucncc of amino acids for the Human 

Beta-2 microRlobuiin antir.cn which determines the ll-epitope 

is:. Pro Thr Glu Lys Asp Glu which corresponds to amino acids' 
73-78, \ . 

Similarly, the sequence of amino acids for tlio' lumtan 
Myelin hasic. protein antiR»*n wliich deicrmincs the ll-opi tone . * 

- 26 - 
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.is:; Gly Atr. Ar,p,Sc. Ar, ,rr o.m-.:..:,....,, „, , 
'159 164. 



:•. Similarly, the .oqucncc „f .......no .-.cid,; for au.Ic.-,. 

Toxin B-chain nnc i., .en. which dcconnincs ,hc ll-opi topes 
•is: Glu Ala Lys Vol (Mu Ly.s c.rro.sp„ndi„, ,.„ .-..nino acids 

I 

Another hcpntitis B su.-r..,cc .-.ntinon 
.det3rn,ine its scc,ucnce of six ;,nu„o .-.cLcl.s w,. i ch- doLcnnino ,1.. 
l>:cpitope. Ttr, sequence, i..: LysITo Scr A^p dy Asn"' 
corresponding to amino acid lAl - 166. 

The sccp.ence of amino ncid for Lhc'K.ri,!i „cnL- LnluJc 
Toxin which determine the Il-cpitope is Clu A,,; Hot Lyr, A..p " 
. Thr corresponding to amino acids 60 - 7i. 

The sequence of amino ncid.s for the K. Coli Heat 
Stabile Toxin provides two identical ll-epi topes whose amino 
ncid^ sequence is Asp Ser Ser Lys Glu Lys and Scr Glu Ly.s Lys 
Ser i:lu. corresponding to amino acid.^ 26 - 31 and ti(j - 51, 
'respectively. 

The ragweed aller,.en Ka3 har. an ll-epit..pc who«c amino 
acid .sequence is Cys 'Ihv Ly.s A.sp Gin Lys corre..;pondinr, lo 
amino acid 88 - 93.. 

Tl.e ra,.wecd allergen K:,5 ha:! an Il-epiinpe whcso aminn 
acid .sequence is Ser Lys Ly.s Cys Gly Lys corrcspondn,,.. to amino 
acids iiO - /i5. 

- 27 - . 
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1 The streptococcial M protein (strain 24) has two iden- 

tical H-epitopes whose amino acid sequences are 

Arg Lys Ala Asp Leu Glu and 

Lys Ala Asp Leu Glu Lys 
5 corresponding to amino acids 58—63 and 59-64. 



The trypanosoma brucei variant surface glycoprotein 117 
has an H-epitope whose amino acid sequence is 
Lys Ala Lys Glu Lys Gly 
10 corresponding to amino acids 50-55. 

In preparing vaccines according to the invention, it is 
preferred to attach to the six amino acids which define the 
H-epitope at least three amino acids on either side thereof. 
15 These three amino acids can be the same acids in the same 
sequences as they occur in the natural protein. However, 
other acids can also be used. For instance, in the hepatitis 
Bs vaccine the amino acid sequence can be 

Aba Aba Thr Lys Pro Thr Asp Gly Asn Aba Thr Aba 
20 (Aba residues have replaced Cys residues). 

The synthetic vaccines are prepared as follows: 

1. Chemical Synthesis: The Merrifield solid phase pro- 
25 cedure is used to build up the appropriate sequence of L- 
amino acids from the carboxyl terminal amino acid to the 
amino terminal acid and to add the fatty acid moiety Cs) at 
the N-terminus. Starting with appropriate carboxyl terminal 
amino acid attached to a polystyrene (or other appropriate) 
30 resin via chemical linkage to a chloromethyl group of the 
resin, amino acids are added one by one using the following 
procedure for each: 
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a) Peptidyl resin is washed with methylene chloride, 

b) neutralized by mixing for 10 min. at room temperature 
with 54 (v/v) diisopropylethylamine (or other hindered 
base) in methylene chloride, 

c) washed with methylene chloride. 

d) An amount of amino acid of fatty acid equal to six 
times the molar amount of the growing peptide chain is 
activated by combining it with one-half as many moles 
of a carbodiimide (e.g. dicyclohexylcarbodiimide, di- 
isopropylcarbodiimide) for 10 minutes at 0 to form 
the symmetric anhydride of the amino acid or fatty 
acid. The amino acid used should be provided originally 
as the N-a-butyl-oxycarbonyl derivative, with side 
chains protected with benzyl esters (aspartic and glu- 
tamic acids), benzyl ethers (serine, threonine, 
cysteine, tyrosine), benzyl oxycarbonyl groups (lysine) 
or other protecting gloups commonly used in peptide 
synthesis. Fatty acids require no protecting groups. 

e) The activated amino acid or fatty acid is reacted with 
the peptide resin for 2 hours at room temperature, re- 
sulting in addition of the new amino acid or fatty acid 
to the end of the growing peptide chain. 

f) The resin is washed with methylene chloride. 

g) The N-a-butylocarbonyl group is removed from the most 
recently added amino acid by reacting with 301 (v/v) 
trifluroacetic acid in methylene chloride for 30 minutes 
at room temperature. 

h) The resin is washed with methylene chloride. 

i) Steps a through h are repeated until the required 
peptide sequence has been constructed, with the fatty 
acid being put in place last. 
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* The- ^eprtlde is then' removed* from the tesin, and simultaneously 
the side^chain protecting groups are removed, , by reacting with 

' anhydrous hydrofluoric stcid containing lOX (v/v}6£ anisple.* 
Subsequently, .the peptide can be piurified by 'gel filtration/ 

. ion exchange or. Kigh' pressure liquid- chromatography, or other 

.suitable .Q^ans. . 

In some eases, chemical synthesis* can be carried out- 
without the solid phase resin, in which.case the synthetic 

'reactions are .performed entirely in solution, flie reactions, 
and the final product, are .otherwise essentially Identical. 

The - synthetic vaccines of the invention can readily ■ 
be incorporated into compositions possessing an oily adjuvant 
such as Freund's adjuvant (complete or incomplete) or into 
liposomes due' to their lipophilic nature which causes them to 
be retained in these adjuvants longer. This longer retention 

* . time, facilitates the desired ixanune response. 

When twp fatty acid or siinilar moieties are desired 
as carriers, for the peptide, it is preferred that the synthetic 
vaccine be formed using the following technique. Thus, the 
- H- terminal end of the peptide, while still- on the Merrif ieid 
• resin, is coi^led to 4 lysine inoiety or Qther s\titable linkipg 
bridge possessing ' diami'noalkylensL or-alkenylen'e moiety. . The 
lysine, which contains two amino groups, is linked to the 
terminal end of the peptide using, for instance, bis- tertiary 
c butyloxycarbonylated lysine as reactant ias set forth above. 
After deprotection, both the alpha and the epsilon amino groups 
are available for fatty acid coupling. Treatment as above 
yields the fatty acid-dis.ubEftituted lysyl peptide, ^which 
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thereafter can be cleaved from the resin x^ich hydrofluoric acid. 
This derivative should be retained to a greater extent by 
Freund's adjuvant or liposome, and form more stable self- 

A simple variation of this approach can be used to 

place one (or more) fatty acids at the C-terminus of the peptide 

A lysine residue can be coupled to the Kerrifield resin as the 

first step of the synthesis. This lysine can be differentially 

protected, for example, as the alpha- tertiary butyloxycarbonyl , 
ft 

epsilon-9-fluorenylmethyloxycarbonyl derivative, allowing select- 
ive deprotection of the epsilon amino group by treatment with 
piperidine/methylene chloride (1:1) at 25'*C for 30 minutes. A 
fatty acid or other lipophilic substance may then be coupled 
by the same procedure used in coupling fatty acids to the N- 
terminus of the peptide. Thereafter, the alpha-tertiary butyl- 
oxycarbonyl group is removed by the usual acid treatment, and 
peptide synthesis is completed by the usual procedures. If two 
or more alpha- tertiary butyloxycarbonyl, ensilon-9-fluorenyl- 
raethyloxycarbonyl lysines are sequentially treated as above, a 
product can be generated that bears multiple fatty acid substi- 
tuted lysines at its C- terminus. 

It is possible, by the procedures described above, to 
make antigenic peptide - fatty acid conjugates wherein there ex- 
ist one or multiple fatty acid residues at the N-terminus of the 
peptide, at the C-te*rminus of the peptide, or at both ends sim- 
ultaneously. Although lysine, is used in the example above, it 
is understood that any diamino acid could be used, including 
such amino acids as ornithine, or alpha-, gamma-diamino butyric 
acid. 

- 31 - 
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X • ^ order to more fully illustrate the lnventlon~and 

2 the maimer of practicing the same, tiie following eauunples are 

3 presented. 

4 I ' EXAMPLE 1 . - - ' ■ , *. 

5 Coupling of a palmityl moiety to Glycyl hepatitis B antigenic 
,*6 peptide (H peptide). 

7 An initial acid solution comprising 3 parts tri- 

.B fluproacetic acid and 7 parts methylene chloride was fortoed. 
9 ^ere was also formed a base solution comprising Sr parts 
XO diisopropyXethylaraine and 95 parts, methylene chloride. 
•11 I Herrifield resin was used . as ;starting material. Specifically 
' 12 I the starting material was commercially available tertiary 
13 I butyloxycarboriylated glycyl resin ester containing 0.33 m moles 
.14 I *. .of glycine per gram of resin. 

15 Glycyl H peptidyl resin. The H peptide was con- 

ifi * structed on 1 gram of butyloxycarbony la ted glycyl resin by 
-'i7 the classical Herrifield method. Its structure was Gly Gly 
^9 Gly Aba Aba Ihr Lys Pro Thr Asp Gly Asn Aba Thr Aba GXj Kesin, 
i^ with amino acid side chains protected as follows: Thr benzyl 
2^ I' ether, Lys carbobenzoxy amide « and Asp -benzyl ester. 

. . In this synthesis, an N- terminal Gly Gly Gly sequende 

^ was added to act as a spacer to separate the palmityl moiety 
23 from the rest of the peptide. Palmitic acid was coupled to 

the terminal glycyl residue as follows: 
^5 1. The N- terminal tertiary butyloxycarbonyl group 

2^ was removed by 30 mln (25 ^C) treatment with acid solution 
2^ as in the Herrifield procedure. 

'2S ' • 2, The newly- exposed alpha amino group was 

neutralized by treatment with base solution for 10 min (25'*.C) , 
again, as in the Herrifield procedure. 
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3. Three equivalents (1 m mole) of palciitic 
anhydride was dissolved in 15 ml of methylene chloride, and 
reacted with the peptidyl resin. The reaction was complete- 
after 2 hrs. (ZS^C) as determined by the Kaiser ninhydrin 
test, which became negative at that time. 

4. The palmityl H peptide was cleaved from the 
resin, and all blocking groups were removed, by treatment 
with hydrofluoric acid/anisole (9/1) for 15 minutes at 0°C. 
'The palmityl H peptide was extracted from the resin beads by 

sequential washing with glacial acetic acid, acetic acid/water 
(50/50) , and with water. Washes were pooled and lyophilized. 

5. The crude product was purified by extraction 
with MeCl^ to remove traces of anisole and lipid contaminants. 

6. The product was dissolved in glacial acetic 
acid, although it is preferred to employ dimethylsulf oxide, 
then diluted with 9 parts water. This causes the immediate 
formation of a microemulsion of the peptide, which can be ■ 
observed as an opalescent appearance of the solution. This 
material was lyophilized, and resuspended in phosphate buffered 
saline for immunizations. 

EXAMPLE 2 

Coupling of two palmityl moieties to Lysyl hepatitis B antigenit 
peptide (H peptide). 

Lysyl H peptidyl resin: This peptide was constructed 
on 1 gram of tertiary butyloxycarbonylated glycyl resin by 
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."X I the Iterrifield method. ' Its structure 'was: Lys Gly Gly Aba 
2. Aba Thr Lys Pro Thr Asp Gly Asn Aba Thr Aba Gly Resin, with 

3 . .amino acid, side chains protected as follows: Thr benzyl ether, 

4 N-terainiBl , Lys aljpha and ejpsilbii tertiary butyloxycarbo^yl, 
\ central Lys- epsilon carbobenzoaq^ Mide, and Asp benzyl ester. 

6 ' . Palmitic add was coupled, to the alpha and epsilon- • 

'7 amino groups o£ the K- terminal lysyl residue as follows: • 

B I. !Ehe N-teriainal tertiary butyloxyciarbonyi 

. 9 •and epsilon tertiary butyloxycarbonyl groups were removed by 
10 30 min. (25°C) treatment* with acid solution as in 'the Merri- 
ll field procedure. * • . ' ' 

12 ' . , • - . ■ 

13 t 2. .The newly exppsed alpha and epsilon amino 

14 I ■ groups were neutralized by treatment with base solution for 
.15 I 10.mifi.(25'C), . - " 
U .3. Three equivalents (1 m mole) of palmitic 

17 anhydride were dissolved in 15 ml of HeCl2, and reacted with 

18 the'pept.idyl resin. The reaction was stopped after 2 hours 

19 (25 "C-) but was only about BOZ complete as determined by the 

20 * Kaiser ninhydrin test. Therefore, a second coupling under 

21 identical conditions was carried out. After this coupling,. 
'22 {.^le ainhydrin test was negative, indicating complete coupling 

23 of palmitic acid to both the alpha and epsilon amino groups . 
2* of the N-terminal lysyl residue. 

25 4. The product was cleaved from the* resin and 

purified as in steps 4 through 6 of Exa]iq>le 1. 

27 5. The results of a preliminary immunization study 

using rabbits are shown in Table I. These results show that 

the conjugate is capable of producing anti-HbsAg responses Vfith 

■ 
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or without use of -aA adjuvant, although the highest titers 
were obtained with adjuvant present. 



TABLE I 



Rabbit 
I,D. # 



^ Titer • 
(days after initial inocula- 
tion) . 





Pre-iiranune 


20 


37 


5A 


657. 


0 


0 


1.9 •• 


. 41.5 


•6.58 


2.8 


74.2 






659 


3.0 


3.3 


52.0 


52.3 


661 


5.2 


4.5 


11.0 


15.1 


662 


0.6 


0.6 


2.9 


2.9 



.Immunizations were given on days 1 and 23. These consisted 
of 0.5 ml of Freund's complete adjuvant emulsified in 0.5 ml 
of phosphate-buffered saline for rabbits 657-659. and 1 ml of 
phosphate-buffered saline without adjuvant for 661 and 662. 
Each dose contained 0.05 mg dipalmityl H peptide on day 1 and 
0.2 mg on day 23.' Titers were determined by the Ausab test 
(Abbott Laboratories); titers over 10.0 were commonly considere 
to represent immunity to type B hepatitis. 

The data above reveals that the antibody titer of test 
animals is dramatically increased when a synthetic vaccine 
of the invention containing an alkyl or alkenyl carrier is 
administered to the host animal. 
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By the proce.4iire bf the invention there is''real.\2ecl a 
vaccine which is characterized by the absence of an amino acid 
sequence of the entire protein antigen or allergen. For 
instance^ in the case of a hepatitis B vaccine,* the vaccine 
is free of other peptide sequences of the hepatitis B surface 
antigen protein, or other proteins found in the virion. Vac- 
cines can be synthesized which are free of biologically produced 
components, free of viral components whether th^y be active or 
inactive, free o.f antibodies, free of deoxyrfbonucleic ' acid 
(DM) and free of lipids, and are therefore likely to be sub-, 
stantially free from undesirable side effects commonly found with 
other vaccines (unintentional infection with virus, allergic re- 
action , fevers , etc . ) , 

The synthetic vaccines are characterized by exceptional 
specificty and evoke an unusual and special response when intro- 
duced into a host animal. 'Whereas a vaccine made of natural mat- 
erial and introduced into a host animal usually evokes an 
immunological response by the creation of antibodies specific 
. to a number of distinct epitopes present on the antigens found 
in that vaccine, when the vaccine of the present invention is 
introduced into a host animal, it causes the formation of anti- 
bodies which are mono-specific, i.e., are specific to the single 
antigenic site on the vaccine. Thus, the vaccines of the pre-* 
sent invention can be employed to form immune globulin comprising 
a mono-specific antibody. These mono-specific antibodies may be 
produced in animals, to serve as a source for diagnostic immuno- 
globulin to be used in serological testing, for example in ident- 
ifying strain types of pathogenic organisms isolated from 
infected individuals. . . . 
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In. the pregaration of a vaccine the concentration o£ the 
saine in the physiologically acceptable medium will vary depending 
on the number and types of H epitopes contained therein. 
Generally speaking, the active component of the vaccine can be 
present in a concentration which is lower than the concentration 
of active material in known vaccines since in the known vaccines 
higher concentrations were required in order to have present 
the required number of antigenic determinants to_ evoke the de- 
sirred immunological response. The vaccine ccfncentratioh will, 
of course, vary from vaccine to vaccine. Generally speaking, 
its concentration will be from 5 to 100 u gm, preferably 20 to 
50 'u gm per dose to give suitable immunogenicity. It is partic- 
ularly contemplated', to use the vaccine in a dosage of .01 to 
100, especially .01 to 10 micrograms per dose. 

The vaccine will have sufficient potency to provide an 
antibody titer of at least 1:100 when determined by tests such 
as passive hemaglutination. For instance, the vaccines of 
hepatitis B„ have an antibody HB^ titer of at least 1:100 when 

o S 

determined by passive hemaglutination (standardized by tests on 
a frozen anti-serum control) in at least four chimpanzees 
inanunized with two doses of the standard vaccine in accordance 
with the recoHEnended schedule, the anti- HB^ remaining detectable 
at a titer greater than 1:10 for at least a year f ollowing ' the 
onset of imqiunization of the chimpanzees . Naturally , the vaccine* 
concentration can vary from these concentrations depending upon 
the effect desired. 

The vaccine can be administered by subcutaneous or intra- 
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muscular injection, . \fliile the preferred route would depend 
upon the particular vaccine, it is believed that intramuscular 
injection will be generally suitable. Frequency of adminis- • 
tration will vary depending upon the vaccine and the nature and 
type of epitopes and their concentration in the active compo- 
nent.- Generally speaking, the vaccine will be administered in 
two doses about one month apart followed by a booster at six 
months to one year after primary immunization. Of course, the 
ddB3.ge will depend upon the size of the host animal being 
inoculated. The subsequent doses or the booster will depend 
on the level of antibody, in the blood as a result of the initial 
immunization. Licensab.le adjuvants conventionally employed in 
vaccine manufacture can be utilized. 

In the case of a hepatitis vaccine as particularly con- 
teTi5>lated herein, the same is recommended for all persons at 
risk of developing hepatitis B infection and particularly those 
at especially high risk such as patients and staff on hemodial- 
ysis unit, medical personnel, persons of tropical populations 
■ and those visiting the tropics . In the case of tropical popu- . 
lations, particularly in Africa, Asia, the Mediterranean region 
= and South America, whiere high incidence of hepatitis B infections 
has been consistently observed, the vaccine should be adminis- 
tered sufficiently early in life .to prevent acquisition of chron 
ic carrier state infection which tend to occur in these regions 
within the first five years of life. In fact, the vaccine is 
useful for all persons not already protected against hepatits 
B infections as a result of prior immunity. = - 
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mi IS CLAIMED isr ■ •.; 

1. A synthetic vaccine comprising a pentide residue 
• coupled to one or more alkyl or alkenyl groups of at least 12 
carbon atoms or other lipophilic substance ivherein said peptide 
residue contains a sequence of 6 amino acids corresponding to 
the sequence of such amino acids in a protein antigen or aller- 
gen where the greatest local average aydrophilicity of the anti- 
gen or allergen is found, said local hydrophilicity of said 
."protein antigen or allergen determined by:** 

A. assigning relative hydrophilicity values to 
the amino acids of the protein antigen or 
allergen in accordance with the relative 
relationship of such amino acids as shown 
in the table below: 
TABLE 1 



Amino. Acid 


Hydrophilicity Value 


Arginine 


3.0 


Aspartic Acid 


3.0 + 1 


•Glutamic Acid 


3.0 + 1 


Lysine 


3.0 


Serine 


0.3 


Asparagine 


0.2 


Glutamine 


0.2 


Glycine 


0.0 


Proline 


-.5 + 1 


Threonine 


-0.4 


Alanine 


-0.5 


Histidine 


-0.5- 


Cysteine 


-1.0 


Methionine 


-1.3 


Valine 


-1.5 
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I SO leuc ine ' ' -1.8' 
Leucine -1,8 
. Tyrosine -2.3 
Phenylalanine .-2.5 
Tryptophan . r3.4 

B. determining the repetitive local average of 
hydrophilicity values at a plurality of 
points along the amino acid chaih; 

C. determining from such points of repetitive 
averages the points of greatest local average* 
hydrophilicity 

said vaccine when free of an amino acid sequence corresponding 
to the entire protein antigen or allergen evoking a protective 
immunological response by stimulation of antibody formation 
against antigen or allergen when introduced into a host animal. 

2. A vaccine according to claim 1, wherein 
said chain of amino acids comprises no more than SO amino acids. 

3. A vaccine according to claim 2, wherein 
:Said chain of amino acids comprises no more than 40 amino acids. 

4. A vaccine according to claim 2, wherein 
said chain of amino acids comprises no more than 30 amino acids. 

5. A vaccine according to claim 2, wherein 
said chain of amino acids comprises no more than 20 gmino acids. 
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6r-"A vaccine according to claim 5, whereiiv 
said chain of amino acids comprises no more than 18 amino acids. 

7/ A vaccine according to claim 2, wherein 
said chain of amino acids comprises no more than 14 amino acids. 

8. A vaccine according to claim 2, wherein 
said chain of amino acids comprises 12 - 18 amino acids. 

9. A vaccine according to claim 5, wherein 
said peptide residue is coupled to an alkyl or alkenyl group 
of 12 - 36 carbon atoms. 

10. A synthetic vaccine according to claim 

5, wherein said peptide residue is coupled to an alkyl or alkenyl 
group of 12 - 24 carbon atoms. 

. 11. A synthetic vaccine according to claim 
9, wherein said alkyl or alkenyl group is coupled to the terminal 
amino group of said. peptide residue via a carbonyl group. 

12. A vaccine according to claim 9, wherein 
said alkyl or alkenyl group is coupled directly to the terminal 
amino group of said peptide residue. 

13. A vaccine according to claim 1, wherein 
said peptide residue is coupled to a lipophilic substance . 

14. A vaccine according to claim 14, wherein 
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said lipophilic substance is • * 

palmitic acid 
stearic acid 
behenic acid 
oleic acid 
raycolic acid 

15. A synthetic vaccine according to* claim 5, 
Which is a vadcine for hepatitis B, said vaccine containing a 
peptide residue having the following sequence of amino acids: 

• Lys Pro Thr Asp Gly Asn. 

16. A sjmthetic vaccine according to claim 15, 
•wherein said sequence of amino acids comprises the following . 

sequence: Aba Aba Thr Lys Pro Thr Asp Gly Asn Aba Thr Aba. 

17. A synthetic vaccine according to claim 15, 
wherein said sequence of amino acids comprises the following 
sequence: Cys Cys Thr Lys Pro Thr Asp Gly Asn Cys Thr Cys. 

18. A sjmthetic vaccine according to claim 15, 
characterized by the absence of other peptide sequences of the 
hepatitis. B virion. 

19. A vaocine accprding to claim 1, which is 
free of active or inactive viral contaminants. 

20. A vaccine according to claim 1, which is 
substantially free of biologically produced components. 

21. A vaccine according to claim 15, which is 
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free of hepatitis B "antibodies . - ' ' 

22. A vaccine according to claim 15, vjfiich is 
free of DNA or RNA. 

•. 

23. A vaccine according to claim 15, which is 
free of lipids, but contains other lipophilic components. 

24. A vaccine according to claim 5, comprising a 
'peptide residue having the following sequence of amino acids: 
Pro Arg Glu Glu Pro Arg. 

■ 25. A vaccine according to claim 5, comprising 
a peptide residue having the following sequence of amino acids 
. Val Glu Arg Ser Lys Ala. 

26. A vaccine according to claim 5, comprising 

a peptide residue having the following sequence of amino acids 
Lys Arg Gly Pro Asp Ser. 

27. A vaccine according to claim 5, comprising 
a peptide residue having the following sequence of amino 
acids: Arg Asn Val Pro Gly Lys. 

. 28. A vaccine according to claim 5, comprising 
a peptide' residue having the following sequence of amino 
acids : Arg Gly Arg Pro Lys Glu Lys . 

29. A vaccine according to claim 5, comprising 
- 43 - 
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a peptide residue having the following sequence, of awinp acids: 
GlU Thr Arg Lys Arg. 

■ . 30 . A vaccine according to claim 5 , comprising 
a peptide residue having the following sequence of amino acids: 
Leu* Arg Glu He Gle * Arg Leu. 

31. A vaccine according to claim 5, comprising 
a -peptide residue having the following sequence of amino acids: 
Lys Ser Lys Pro Lys Asp. 

32. A vaccine according to claim 5, comprising 
a peptide residue having the following sequence of amino acids: 
Lys Asp Lys He Gly Lys, 

33. - A vaccine according to claim 5*. comprising 
a peptide residue having 'the following sequence of amino acids: 

Asp Asp Ser Pro Asp Lys Glu. 

34. A vaccine according to claim 5, comprising 
a. peptide residue having the following sequence of amino acids: 

;Asn Lys Asn Asp Asp Lys. 

35. A vaccine according to claim 5', comprising 
a peptide residue having the following sequence of amino acids : 
Ser Asp Arg Glu Gly Gin. 

36. A vaccine according to claim §, comprising 
a peptide residue having the following sequence of amino acids: 
Asp Glu Ala Asp Asp Asn. 
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37t- a vaccine according Lo claim's cOinprising 
a peptide residue having the following sequence of amino acids: 
Thr Arg Glu Pro Ser Arg. 

38. A vaccine according to claim 5. comprising 
a peptide residue having the following sequence of amino acids: 
Arg Met Lys Arg Ala Glu. 

. 35. A vaccine according td* claim 5. 'comprising 
a peptide residue having the following sequence of amino acids: 
Glu Lys Glu Asn Pro Arg. 

40. A vaccine according to claim 5, comprising 
a peptide residue having the following sequence of amino acids: 
Lys Glu Asfi Pro Arg Asp. 

41. A vaccine according to claim 5, comprising 
a peptide residue having the following sequence of amino acids: 
Asn Asp Asn Ser Asp Lys. 

42/ A vaccine according to claim 5, comprising 
a peptide residue having the following sequence of amino acids: 
Glu' Arg Arg Glu Gly Asn. 

43. A vaccine according to claim 5, comprising 
a peptide residue having the following sequence of amino acids: 
Arg Arg Glu Gly Asn Asp. . 

44. A vaccine according 'to claim 5, comprising 
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a peptide- residue having the following sequence of amino acids: 
Arg' Arg Ser. Thr Thr Asp. 

45. A vaccine according to claim 5, comprising 
a peptide residue having the following sequence of amino acids: 
Pro* .Thr Glu Lys Asp . Glu. 

46. A vaccine according to claim 5, comprising 
a 'peptide residue having the following sequen'ce of amino acids: 
Gly Arg Asp Ser Arg Ser. 

47. A vaccine according to claim 5, comprising 
a peptide' residue having the following sequence of amino acids: 
Glu Ala Lys Val Glu Lys . 

48. A vaccine according to claim 5, comprising 
a peptide residue having the following sequence. of amino acids: 
Lys. Pro Ser Asp. Gly Asn. 

49. A vaccine according to claim 5, comprising 
a peptide residue having the following sequence of amino acids: 
^Glu Arg . Met ^ Lys Asp Thr. 

50. A vaccine according to claim 5, comprising 
a peptide residue having the following sequence of amino acids': 
Asp . Ser Ser Lys Glu Lys . ' 

51. A vaccine according to claim 5, comprising 
a peptide residue having the following sequence of amino acids: 
Ser Glu Lys Lys Ser Glu. 
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52.1 A vaccine according to claim'i, 'con^rising 
a peptide residue having the following sequence of amino acids: 
Cys ^ Thr Lys Asp Gin Lys. 

53. A vaccine according to claim 5, comprisinj 
a peptide residue having the following sequence of amino acids: 
Ser Lys Lys Cys Gly Lys. 

' 54. A vaccine according to claim 5, comprising 
a peptide residue having the following sequence of amino acids: 
Arg Lys Ala Asp Leu Glu. 

55. A vaccine according to claim 5, comprising 
a. peptide residue having the following sequence of amino acids: 
Lys Ala Asp. Leu Glu Lys. 

56.. A vaccine according to claim 5, comprising 
a peptide residue having the following sequence of amino acids: 
Lys Ala' Lys Glu Lys Gly. 

57. A vaccine according to claim 5, comprising 
•a peptide residue having the following sequence of amino acids: 
Glu Leu Val Arg Lys Arg Glu Glu Cys Leu Asp Ala. 

« 

• 58. A vaccine according to claim 5, comprising 
a peptide residue having the following sequence of amino acids: 
Thr Val Phe Lys Asp Gly Asp Glu Ala Glu Asp Phe. 

59. A vaccine according to claim 5, comprising 
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a peptide residue having the following sequence- of ^irairio acids: ' 
His- Asp Phe Arg- Ser 'Asp Glu lie Glu His Leu Val. 

60. A vaccine according to claim 5, comprising 
a peptide residue having the following sequence of amino acids: 
Met Ala Gly Asp Pro Arg Tyr Glu Glu . Ser Leu His . 

61. A vaccine according to cl^im 5, comprising 
a*peptide residue having the following sequence of amiiio acids: 
He Phe= Thr Asn Ser Arg Gly Lys Arg Ala Ser Lys. 

62. A vaccine according to claim 5, comprising 
a peptide residue 'having the following sequence of amino acids: 
Thr Thr Phe Lys Arg Lys His Phe Arg Pro Thr Pro. 

63. A vaccine .according to claim 5, comprising 
a peptide residue having the following sequence of amino acids: 
Arg Thr Val Lys Thr - Thr Lys Glu Ser Leu Val He. 

64. A composition comprising a. synthetic 
antigen or allergen of the formula: 



Peptide 

(free of terminal 
amino group) 



wherein 



H 
N 



m 



(terminal amino 
group) . 



(I) 
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m - 0 or 1 • • . • 

R'le a substituted or unsubsiiituted alkyl or alkenyl 

radical of at least 12 carbon atoms and 
Peptide is a residue containing a sequence of 6 
• aiBino acids corresponding to the 'sequence of 
such amino acids in a protein antigen or 
. allergen where the greatest local average' 
hydrpphilicity of the antigen or allergen * 
is found, said local hydrophilicity of said 
protein antigen or 'allergen determined by: ' 
A., assigning relative hydrophilicty values to 
the amino acids of the protein antigen or 
• allergen in accordance with the relative 
relationship of such amino acids as shown in 
the table below: 

TABLE -I 



Amino Acid 


Hydrophilicity 


Arginine 


3.0 


Aspartic Acid 


3.0 + 1 


Glutamic Acid 


3.0 + 1 


Lysine 


3.0 


Serine 


' • • 0.3 • 


Asparagine 


0.2 . 


.Glutamine 


0.2 


• Glycine 


0.0 


Proline . 


r.5 + 1 


Threonine 


- 0.4 . 


Alanine 


- 0.5 


Histidlne 


• - 0.5 


Cysteine 


- 1.0 • 


Methionine 


" 1.3 * 


Valine 




.-l^olencine 


1.8 • 


Leucine 


- 1.8 
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Tyrosine • — - " . 

■' Phenylalanine "2.5 
^ Tryptophan "3.4 

B; determining the repetitive local average of 
hydrophilicity values at a plurality of 
points along the amino acid chain; 

C. determining from such points of repetitive 
averages the points of greatest local average 
hydrophilicity, 
said synthetic antigen when free of an amino acid sequence • 
corresponding to the entire protein antigen or allergen evoking 
a protective immunological response by stimulation of antibody 
formation against an antigen 'or allergen when introduced into a 
host animal. 

65. A composition according to claim 64, 
wherein R is alkyl or alkenyl of up to 36 carbon atoms. 

66. A composition according to claim 65, 
wherein R is alkyl or alkenyl of up to 18 carbon atoms. 

67. A composition according to claim 66, 
wherein R is alkyl or alkenyl of up to 12 carbon atoms. 



wherein m is 0. 



68.- A composition according to claim 64, 



69. A composition according to cldim 64, 



wherein m is 1. 
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70. 



A composition comprising a synthetic antigen or 



allergen of the formula 



Peptide. 



H 



(free of terminal 
amino group) 



(terminal* 
amino group) 




J n 



^wherein 



peptide has the same meaning given in claim 1; 
. R^, R^, .R^, are each* Cj^2'S6 ^^^^^^ °^ alkenyl 
which may be straight or branched chained and 
substituted or unsubstituted; 

. o, p, q, and r are at each 0 or .1 and the sum of 
o» p, q, and r is equal to n; . * 

n is 2-4; 

X is a polyfunctional group having 3 to 5 functional 
groups, at least one of which is bound to said 
terminal amino group» and at least one of said . 
function groups botind to one of R^, R^, R^ or R^. 



7-1. A 8^ the tic vaccine or antigen according to 
claim 6, wherein X is 

lysine 
ornithine 

a,Y-diamino butyric acid 
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72. A synthetic* vaccine or antigen acccnrding to- * 
claim 71, vherein X comprises a carbonyl group bonded to the 
residue of said terminal amine group and at least one amido- 
group bonded to at least one of R , R , R or R^. 



. 73. .A synthetic vaccine: or antigen according to 
claim 72/ wherein X in turn is representable by the formula: 

\.Bb .. ' 

-Cc - . ' ■ 

■^Dd 



■A- 




(XII) 
£e 



wherein 

A i« a bifunctional group one end of which is. linked 
to M and the other end of which is linked to the 
terminal amino group of the synthetic peptide; . 

H is alkylene or alkenylene of 2 to 5 C atoms; 

B, C» D and E are each bifunctional groups one end 
of which is linked to M and the other end of which 
is linked to a ^12'^^^ all^l or alkenyl grotxp and 

b, c, d and e are each 1 or 0 and the sum of 
b, c, d and e is 2 - 4. 

74. A synthetic vaccine or antigen accordinj; to claim 
6, vherein at least one alkyl or alkenyl moiety is attached *to 
the C- terminal carboxyl group or to a side chain reactive 
group of said peptide residue. 
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75. A vaccine as in claim 1. wherein z, 'fatty acid cr 
other lipophilic substance is covalently bound to the side 
chain amino group of a diamino acid residue at the C-terminus of 
the peptide moiety. 

76. A vaccine as in claim 1, wherein fatty acids or 
other lipophilic substances are covalently bound to the side 
chain amino groups of several diamino acid residues at the C- 
ferminusof the peptide moiety. 

77. A vaccine as in claim 75, wherein a fatty acid pr 
other lipophilic substance is also covalently bound to the N- ' 
terminal amino group, and/or the side chain amino group of an N- 
terminal diamino acid residue. 

78. A vaccine as in claim 76, wherein fatty acids or 
other lipophilic substances are also covalently bound to the N- 
terminal amino group, and/or the side chain amino groups of 
several N-terminal diamino acid residues. 



